POPULATION DENSITIES OF TRIPLET EXCITED STATES UY A DIFFUSE NITROGEN PLASMA"
A. Ashraf, U.K. ~o~chowdhur~+and P.K. Ghosh.
Department of Chemistry, Indian I n s t i t u t e o f TeehmZogy Kanptcr, Kanpur 208016 India.
Recently t h e r e has been much a c t i v i t y on l i n e emission s t u d i e s from n i t r o g e n plasmas (1) (2) (3) (4) (5) , p r i m a r i l y due t o t h e i r relevance i n understanding of upper atmospheric emission. But h i t h e r t o t h e r e has been l i t t l e experimental work which i n v e s t i g a t e s t h e nature of q u a n t i t a t i v e c o r r e l a t i o n betwk?en the population d e n s i t i e s of e x c i t e d s t a t e s i n l a b o r a t o r y n i t r o g e n plasmas and c r o s s sect i o n s of r e l e v a n t e l e c t r o n impact p r o c e s s e s However, such i n v e s t i g a t i o n s t o be amenable t o q u a n t i t a t i v e c o r r e l a t i o n s w i t h atomic processes, v a l u e s of plasma parameters must d i r e c t l y be known. This i s not a v a i l a b l e from e a r l i e r l a b o r a t o r y plasma experiments. Here we r e p o r t the r e s u l t s ofan experiment i n which i n s i t u measurements of e l e c t r o n d e n s i t i e s (ne) and e l e c t r o n temperatures (T ) were c a r r i e d o u t b e s i d e s v i b r o n i c and r o t a t i o n a l t r a n s i t i o n i n t e n s i t i e s from a n i t r o g e n plasma. Experiments were conducted a t a pressure of 5 microns i n a 90 cm long 2.5 crn diameter s t a i n l e s s s t e e l tube and the plasma sustained by e l e c t r o n s i n j e c t e d from one end ofthe tube, a t plasma c u r r e n t s ( I E ) of 0.5,1 and 2 amps. The plasma was immersed i n a longit u d i n a l magnetic f i e l d (B=O-700 g a u s s ) . V a r i a t i o n of the magnetic f i e l d r e s u l t e d i n a coupled v a r i a t i o n of ne and Te measured a t the c e n t r e of t h e plasma column by means of a Langmuir probe. Results of these measurements a r e shown i n Fig. l . The radiation from t h e a x i a l r e g i o n of the plasma column w a s taken t o a 2.1/6.3 meter spectrograph ( f i r s t o r d e r d i s p e r s i o n 3.4A per mm/l . l 2 A p e r mm) through a s e t of angle l i m i t i n g b a f f l e s . R e l a t i v e i n t e n s i t i e s from the N2 C a k s t a t e (second p o s i t i v e system SPS) were measured. A t y p i c a l v i b r a t i o n a l tempe r a t u r e Tvib p l o t and v i b r a t i o n a l temperat u r e s determined from band head i n t e n s i t i e s i n the ne, Te range of the experiment a r e shown i n Fig.2 and Table 1 r e s p e c t i v e l y .
For a l l t h e SPS bands, T . i n c r e a s e s w i t h i n c r e a s e of B. I n generaytbat a given B, i t i n c r e a s e s w i t h IE. High r e s o l u t i o n r o t a t i o n a l s p e c t r a of SPS v i b r o n i c bands (1 , 0 ) , ( 0 , 2 ) were photomhed i n 3rd o r d e r of t h e 6.3 meter mode of the spectrograph, and r e l a t i v e i n t e n s i t i e s Table 1 . V i b r a t i o n a l Temperatures of the C 3 r k s t a t e from the (0-2) sequence of the Second P o s i t i v e System I, amp) IB(amp) 0.4 0.8 0.
4390+200 4990+300 56k:350 measured using a microdensitometer. Rotat i o n a l temperatures of t h e ground v i b r a t i o na l s t a t e a t IE-1 amp a r e shown i n Table 2 . Fig.3 f o r the v i b r a t i o n a l l e v e l s v=0-11 w i t h e l e c t r o n energy as a parameter. The c r o s s s e c t i o n s a r e evaluated using t h e method from (6)and using the processes: e l e ct r o n impact e x c i t a t i o n X ' Z + ( V~= O ) -B '~~ ( v t = 0-1 1 ),cascade processes c 9 * n d~9~9 , Bt35; -B3v9, ~3~, -~' f l~a n d A3Z>B3% i n t e r s y s t e m cascade. One n o t e s a s t r o n g dependence of the c r o s s s e c t i o n on t h e e l e c t r o n energy f o r the lower v i b r a t i o n a l s t a t e s , u n l i k e the higher ones. Enhanced population d e n s i t i e s a r e observed beyond the v=9 l e v e l . D i r e c t e l e c t r o n impact e x c i t a t i o n from the ground s t a t e , C~~, -B~T T~, as w e l l as Bt3Z>B3TTq cont r i b u t i o n decrease w i t h i n c r e a s i n g v i b r at i onal quantum number of the B3rg s t a t e , and The t o t a l e l e c t r o n impact c r o s s s e c t i o n s a r e from ( 7 1 the method of obtaining v i b r a t i o n a l c r o s s s e c t i o n s from e l e c t r o n i c s t a t e c r o s s sect i o n s i s from (6),and the Franck-Condon ft o r s of v a r i o u s s t a t e s a r e from (6,8,9),and t r a n s i t i o n p r o b a b i l i t i e s from ( 10-1 2 ) . The population d e n s i t i e s c a l c u l a t e d numerically using steady s t a t e c o n d i t i o n , h x w e l l i a n velo c i t y d i s t r i b u t i o n of e l e c t r o n s , a n d a cons t r a i n t t h a t the sum of population densities of a l l t h e s t a t e s i s equal t o 1 . 6~ 1014 cm-3, a r e shown i n Fig.5 .It w i l l be noted that the C s t a t e v i b r a t i o n a l l e v e l s do not t k r & e , i n variance w i t h experimental r e s u l t s . 
I n t h e following s e c t i o n s we show the r o l e of v a r i o u s p r o c e s s e s i n the t o t a l c r o s s s e c t i o n by choosing t h e example of t h e B s t a t e , and a l s o r e p o r t r e s u l t s of c a l c u l at i o n s of population d e n s i t i e s of t h e N2 t r i p l e t e x c i t e d s t a t e s . The t o t a l c r o s s s e c t i o n of the ~O $ i s shown i n

W3Ab-Bans c o n t r i b u t i o n i s n e g l i g i b l e . I t i s the U ' I~ -
B3% i n t e r s y s t e m cascading which i n c r e a s e s with the v i b r a t i o n a l quantum nurnb e r of the B 3 G s t a t e and accounts f o r increased population d e n s i t i e s of t h e B 3 n g v i b r a t i o n a l s t a t e s beyond v=9. Fig.4 shows the p a r t i a l c o n t r i b u t i o n s of the v a r i o u s processes t o the B3IT9 v=2 s t a
t e , the s t a t e which has the h i g h e s t Franck-Condon f a c t o r w i t h r e s p e c t t o t h e ground s t a t e . The c o l l i s i o n a l -r a d i a t i v e model used i n calc u l a t i o n of population d e n s i t i e s of t r i p l e t s t a t e s i n v o l v e s the following: t h e ground v i b r a t i o n a l s t a t e v-0 of t h e
